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(54) Code division multiple access cellular mobile radio systems 

(57) The code division multiple access (CDMA) cel- 
lular mobile radio system comprises at least one base 
station and at least one mobile terminal arranged to 
communicate with each base station over a radio 
medium. The base station includes a transmitter for 
serially transmitting chips in time division multiplex fash- 
ion to the same mobile terminal or to different mobile 
terminals, the transmissions being time separated and 
inherently orthogonal, therefore eliminating mutual 
interference. The timing of the transmissions of the 
chips to different users may be scrambled. Similarly the 
transmissions are in the form of binary phase shift key- 
ing signals on an inphase component of the signal and 
other transmissions occur on a quadrature phase com- 
ponent of the signal. A pilot signal may be transmitted 
by sending some chips in a sub frame as known chips 
so that they can be despread in known fashion to attain 
a channel estimate. 
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Description 

This invention relates to code division multiple 
access (CDMA) cellular mobile radio systems and in 
particular to the downlink and the need to transmit sig- s 
nals contemporaneously to one or more mobile termi- 
nals from a base station transmitter site. 

Existing systems use a transmission which consists 
of several spread spectrum signals added together and 
may use orthogonal codes to provide reduced interfer- 10 
ence between the different signals. This has a disad- 
vantage that the sum of these many different signals 
has a large ratio between the peak transmitted power 
and the average transmitted power, typically this will 
tend to a Rayleigh distributed envelope for a large 15 
number of signals. Also, any mobile terminal requiring 
to demodulate a signal for wideband data will need 
simultaneously to demodulate several of these orthogo- 
nal codes. Thus, for example, if the basic rate for one of 
the orthogonal codes were eight kilobits per second and 20 
a particular mobile terminal required a service running 
at sixty-four kilobits per second the mobile terminal 
would need to demodulate eight codes simultaneously. 

The aim of this invention is to solve the two previous 
problems with advantages in complexity and transmit- 25 
ted envelope power whilst retaining orthogonal code 
structure and enabling a simplified receiver in the 
mobile terminal. 

According to the present invention there is provided 
a CDMA cellular mobile radio system comprising at so 
least one base station and at least one mobile terminal 
arranged to communicate with each base station, over a 
radio medium, and wherein the base station includes a 
transmitter for serially transmitting chips in time division 
multiplex fashion to the same mobile terminal or to dif- 35 
ferent mobile terminals, the transmissions being time 
separated and inherently orthogonal, eliminating mutual 
interference. 

According to an aspect of the invention, the timing 
of the transmissions of the chips to different users is 40 
scrambled within a bit period. 

According to a further aspect of the invention, some 
of the transmissions are in the form of binary phase shift 
keying signals on an inphase component of the signal, 
and other transmissions occur on a quadrature phase 45 
component of the signal. 

According to a further aspect of the invention, a 
pilot signal is transmitted by sending some chips in a 
sub frame as known chips so that they can be despread 
in known fashion to attain a channel estimate. so 

According to a further aspect of the invention, 
power control is provided by means which arrange for 
some links to have a variable number of chips per bit 
which vary in time, the variation serving as power con- 
trol. 55 

Very simple elements of the present invention will 
now be described with reference to the accompanying 
drawings wherein; 
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FIGURE 1 shows a simple deployment of mobile 
units in communication with a base station, 
FIGURE 2a shows a channel impulse response for 
path 1 for a channel, 

FIGURE 2b shows the combined receiver 
response, 

FIGURE 3a shows a channel impulse response for 
path 2 for a channel, 

FIGURE 3b shows the combined receiver 
response, 

FIGURE 4 shows a first transmitter pattern, 
FIGURE 5 shows a first pattern for a Rake proces- 
sor output in respect of a first mobile unit, 
FIGURE 6 shows a first pattern for a Rake proces- 
sor output in respect of a second mobile unit, 
FIGURE 7 shows a second transmit pattern, 
FIGURE 8 shows a second pattern for a Rake proc- 
essor in respect of first mobile, 
FIGURE 9 shows a second pattern for a Rake proc- 
essor output in respect of the second mobile unit, 
FIGURE 10 shows a third transmit pattern, 
FIGURE 1 1 shows a third pattern for a Rake proc- 
essor output in respect of the first mobile, 
FIGURE 12 shows a third pattern for a rake proces- 
sor output in respect of the second mobile unit, 
FIGURE 13 shows a pilot chip pattern, 
FIGURE 14 shows a channel impulse response, 
FIGURE 15 shows a receiver response, 
FIGURE 16 shows a block diagram of a chip TDM 
real pilot matched filter, 

FIGURE17 shows a block diagram of a chip TDM 
fully complex pilot matched filter, 
FIGURE 18 shows a logic block diagram for the 
control of a correlator, 

FIGURE 1 9 shows a block diagram for a selector as 

used in respect of Figure 18, 

FIGURE 20 shows a block diagram of a com- 

biner/despreader, 

FIGURE 21 shows a bit chip sequence and latch 
writing operations, and 

FIGURE 22 shows a block diagram of a multiple 
adder/subtractor circuit. 

In chip time division multiplex (TDM), a chip is 
defined as a signalling element of which n together 
comprise one bit. For a given signal, the chips are not, 
in general, adjacent to one another, and therefore the 
number of chips in a bit is no longer the same as the 
band width expansion factor which is now equal to the 
number of chips which could be fitted in the period of a 
bit for a given chip duration. 

In spread spectrum signals, each data bit is trans- 
mitted by a pseudo random sequence consisting of 
many so called chips where n chips transmit one bit, 
where n is the bandwidth expansion factor. 

The present invention utilises chip time division 
multiplex and the basic scheme involves a base station 
transmitter which serially transmits chips to different 
mobile terminals in what would generally be, but need 
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not necessarily be, a time scrambled order. Thus in an 
example implementation of the system, a basic frame 
which would consist of a period of transmission of one 
bit at the lowest bit rate and the transmission of each of 
the signals at the lowest bit rate might consist for exam- 5 
pie of four chips thus, if the spreading factor were say 
one hundred and twenty-eight, thirty-two users would 
each transmit with a chip rate of four chips within a one 
bit period. The transmissions are time separated and 
therefore they are inherently orthogonal, so mutual w 
interference in the absence of multiple propagations is 
eliminated. It may be a requirement on the downlink of 
such a system to apply independent power control to 
the signals transmitted to the different users but this is 
readily facilitated since there is no difficulty in changing 15 
the power to transmit for any given chip since a linear 
amplifier will be required. 

In order that the interference to mobile terminals 
receiving signals from another base station may be 
shared equally amongst those mobile terminals, it is 20 
proposed to apply a time scrambling of the assignment 
of the chips to the different mobile terminals within the 
frame in order that no mobile terminal may consistently 
receive interference from the chips that are being trans- 
mitted at high power to another particular mobile termi- 25 
nal, but that rather for any given signal the interference 
will always consist of a mixture of signals transmitted at 
high power and signals transmitted at low power. One 
possible implementation of this system would involve 
dividing the basic frame for example for the case of four 30 
chips into four subframes and scrambling the chips 
within the subframes for each of the users. Thus for 
every link one chip would be transmitted within each 
subframe in some arbitrary scrambled order, and then in 
the next subframe the next chip, and by the time the 35 
fourth subframe had been complete four chips would 
have been transmitted. The scrambling can be achieved 
in a manner familiar to those versed in the art, however, 
for practical purposes it may be simpler to pre compute 
a set (a suitable subset of all possible scrambling matri- 40 
ces) of scrambling matrices and store them in a read 
only memory device. A pseudo random sequence is 
used to address the table in both the base station which 
generates the transmitted signal and each of the mobile 
terminals which receive the signal in synchronism so 45 
that in any subframe the transmitter and each of the 
mobile terminals access the same scrambling table. 
Any given mobile terminal may then use the correct ele- 
ment of the scrambling table to select the chip that is 
pertinent to its own requirements for reception. so 

Another aspect of this invention is the transmission 
of a number, typically half of the signals using binary 
phase shift keying, on the inphase component of the 
signal, and another number on the quadrature compo- 
nent of the signal. The inphase and the quadrature com- 55 
ponents may or may not use the same chip randomising 
table. 

Frequently it is a requirement for these systems to 
incorporate a transmitted pilot. This can also be 



achieved by sending certain of the chips within each 
subframe as known chips so that they can be despread 
in a known fashion in order to attain a channel estimate. 

A further embodiment of this invention is to arrange 
for certain of the links to have a variable number of 
chips, available in each, but slowly time varying, and 
making this variation serve as a form of power control 
so that those mobile terminals which were a long dis- 
tance away from the base station would have more 
chips per bit than those mobile terminals which were 
very close to the base station. Indeed it would be con- 
ceivable to have links with no spreading factor at all, one 
chip per bit for those mobile terminals very close to the 
base station. 

Referring to Figure 1, a base station 4 transmitting 
to a pair of users over multipath paths 1 and 2 is shown. 
As an example, the multipath channel for path 1 is 
shown in Figure 2a. 

Referring to Figure 2a and 2b, a very simple case of 
equal amplitude and zero phase shift paths is assumed. 
Given an optimum Rake receiver, the combined impulse 
response of the channel and the Rake processor will be 
as Figure 2b. Similarly for the other path, the responses 
are shown in Figure 3a and Figure 3b. 

Referring to Figure 3a and 3b, the delay spread is 
reduced as might be expected for a shorter radio path. 

Consider a chip time interleaved transmission with 
a spreading factor of four. Each bit is divided into four 
sub intervals. The transmission pattern for a bit might 
appear as shown in Figure 4. 

Referring to Figure 4, the patterning of each chip 
corresponds to that of the mobile to which it is being 
sent. In a regular interleaving pattern, the gaps might 
correspond to transmissions to other mobiles (not 
shown). 

Consider now the reception at mobile 1 over path 1 . 
The signal at the output of the rake processor for 
mobiles 1 and 2 will be the convolution of the pattern in 
Figure 4 with the impulse responses of Figures 2b and 
3b respectively. The response for mobile 1 is shown in 
Figure 5. 

Referring to Figure 5, here it is seen that the effect 
of multipath is to create interchip interference, in that the 
unwanted chips are overlaid at half amplitude onto the 
wanted chips. 

Consider now mobile 2. The response is shown in 
Figure 6. Here there is no interchip interference since 
the unwanted chips do not overlay the wanted chip posi- 
tions. 

It might be thought that a different transmit pattern 
could alleviate the problem. An alternative is shown in 
Figure 7. Referring to Figure 7, the convolution of this 
with the channel for mobile 1 is shown in Figure 8. 

Referring to Figure 8, there is no interchip interfer- 
ence for mobile 1. However, examination of the 
response for mobile 2 (Figure 9) shows that this now 
suffers from interchip interference. 

Referring to Figure 9, it is of course, possible, for 
the above case, to construct a pattern for which neither 
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mobile suffers interchip interference. However, the 
above illustrates the difficulty of satisfying the require- 
ments for zero interchip interference simultaneously for 
the simple case of two mobiles with two path multipath. 
The general situation is far more complicated than this, 5 
involving many mobiles and, in general, more than two 
multipath components. In many cases, complete 
orthogonality could not be achieved even with perfect 
information and an ideal algorithm for generation of the 
transmission pattern. It should be possible, in principle, w 
to achieve some optimal minimum interference state. 
However to achieve even this, the base station would 
need to be informed of the multipath profiles regularly 
by every mobile before constructing the transmission 
pattern and communicating its structure back to those 75 
mobiles. With rapidly changing multipath this becomes 
impractical with signalling overheads greatly exceeding 
any capacity benefit. 

The alternative as mentioned earlier is to apply 
pseudo random scrambling (known to the mobiles) to 20 
the positions of the chips. This is illustrated in Figure 1 0. 

Referring to Figure 10, for this pattern the receiver 
Rake response for mobile 1 is as shown in Figure 1 1 . 

Referring to Figure 11, only the first wanted chip 
experiences interchip interference. Thus, after 25 
despreading, the mean interference has been reduced 
fourfold (in addition to the fourfold benefit due to 
processing gain). The Rake response for mobile 2 is as 
shown in Figure 12. 

Referring to Figure 12, in this case, only the third so 
wanted chip experiences interchip interference, afford- 
ing the same benefit as for mobile 1 . 

Thus we see that the effect of randomisation is to 
"share out" the effects of interchip interference. It might 
appear that randomisation of only the timing would be 35 
necessary with the actual order of the chips to the differ- 
ent users kept fixed. This would be true if all signals 
were transmitted at the same power. However, if down- 
link power control is applied then the amplitudes of the 
various chips will vary. It then becomes important to 40 
avoid, for example, regular interference between strong 
and weak chips. This is achieved provided that the chip 
orders are scrambled. 

In the same way as for existing downlink spread 
spectrum concepts, the transmission of a downlink pilot 45 
is advantageous to Chip TDM for synchronisation and 
for channel estimation purposes. The pilot signal is 
implemented as additional chips with randomising code 
but with no modulation, scrambled in amongst the data 
chips. It is necessary to correlate against these pilot so 
chip sequences for a range of delays in order to obtain 
the complete channel impulse response over the delay 
spread of the channel. A proposed implementation is 
described by way of example:- 

Consider a chip TDM system with a bit rate of thirty- 55 
two kbps and a chip period of 1/f c where f c = 4.096 MHz. 
There are thus one hundred and twenty-eight chip slots 
per bit. If the spreading factor is four then there are four 
sub intervals per bit and thirty-two available chip slots 



per sub interval. Suppose two pilot chips are transmitted 
per sub interval (this gives the pilot more energy than 
the base rate signals and is advantageous). A bit inter- 
val lasts thirty one jmsecs. Ideally the pilot matched filter 
should be able to handle a delay spread of about fifteen 
ILLsecs. Thus the delay spread covers two sub intervals. 
This means that, at any given time, the chips transmit- 
ted over two sub intervals can influence any received 
sample. However, because of the randomisation of chip 
timings within the sub intervals, three sub intervals must 
be considered at any given time. 

Referring to Figure 13, consider the pattern of 
transmitted pilot chips shown therein, (other traffic chips 
will also be transmitted but are not shown). 

The chips are indexed i, j, where i the sub interval 
number and j is the pilot chip number within the sub 
interval. The number at the top is the time position 
within the sub interval. Thus, for example, the chip 
labelled 2, 1 is the second pilot chip (zero reference) in 
the third sub interval and occupies the 24th available 
slot within his sub interval. 

Suppose, now that the pilot chip signal is received 
at a particular mobile over the (stylised) channel 
impulse response shown in Figure 14. The basic propa- 
gation delay is normalised to zero. This merely implies 
that a synchronisation process in the receiver has 
already removed this delay. In this case the received 
signal will be convolution of the pilot chip pattern with 
the impulse response as illustrated in Figure 15. 

Referring to Figure 15, note that the responses to 
the individual chips are not shown added together in the 
diagram since the randomising sequence on the pilot 
chips would introduce random additions and subtrac- 
tions. Note, also, that in reality the current bit would also 
include the impulse response tails from pilot chips trans- 
mitted in the previous bit period. These are omitted for 
clarity. 

Assume that the receiver samples its input once per 
chip. The first sample of the first sub interval (sample 
0,0) contains no response to the chips of that subframe. 
However, in the general case, this cannot be guaran- 
teed. If the randomising algorithm had assigned a pilot 
chip to position zero within that subframe then a 
response would have arisen. Thus, from the start of any 
sub interval there are potentially responses to pilot 
chips within it. Assume that, at the start of a sub interval, 
the receiver has computed the positions of the pilot 
chips within it from the randomising algorithm. The 
delay associated with the first sample in the sub interval 
with respect to a pilot chip at position n will be -n. ie the 
chip has not yet arrived (except for the case, n=0, in 
which case the delay is zero). The delay associated with 
sample m in the first sub interval for a chip at position n 
will be m-n. Thus, when m=n the chip provides a zero 
delay response. Suppose the pilot matched filter 
includes a set of sixty-four memory locations, corre- 
sponding to the impulse response at delays zero to 
sixty-three. When, m-n=0 , the zeroth memory location 
should be either incremented or decremented by the 
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received sample, depending upon the polarity of the 
chip transmitted. At the next sample, m- n=1 so the 
same operation should be applied to the 1 indexed 
memory location. This can be viewed, alternatively in 
the following way. 

Step 1. At the start of a sub interval, the positions 
and polarities of the chips within that sub interval are 
made available (the whole of the previous sub interval is 
available to do this). 

Step 2. For each of the pilot chips within the sub 
interval, a counter is initialised at -n where n is the chip 
position within the sub interval. 

Step 3. For each counter:- If the counter value is 
negative do nothing; otherwise increment/decrement 
(depending on the chip polarity) the memory location 
addressed by the counter with the sample value. 

Step 4 For each new sample:- Increment the 
counters by one. If the count has reached sixty-four do 
nothing; otherwise repeat form step 3. 

The question remains how/when do deallocate 
counters. Examination of Figure 15 shows that the 
response to a particular chip, in general, occupies three 
sub intervals. Thus a counter allocated at the start of 
sub interval zero can be de-allocated at the start of sub 
interval three - ie counters remain active over three sub 
intervals of course, once a counter reaches sixty-three it 
can be de-activated (eg to save power) but it will not be 
reallocated until the start of the following sub interval. 

Thus, we see that for the (realistic) example 
described, six such counters will be required and, on 
average, four additions/subtractions will take place 
every sample, with a maximum of six and a minimum of 
two. An equivalent conventional system would require 
sixty-four additions/subtractions per sample (because 
every sample is a potential response to pilot chips from 
over the entire delay spread). Thus, the saving for chip 
TDM is very considerable. 

In spite of this saving, in a digital signal processor 
architecture, the above operations are rather compli- 
cated, requiring many clock cycles per chip sample. 
However, the gate array architecture shown in Figure 16 
can handle a chip sample in a single clock cycle whilst 
having very low power consumption. 

Referring to Figure 16, the hardware implementa- 
tion for a chip TDM real pilot matched filter is shown. It 
comprises an addition control shift register 10 and a 
subtraction control shift register 12. The input desig- 
nated plus and minus 0 to plus and minus 31 show the 
chip position inputs. Each correlation position has an 
adder/subtractor 14 associated with it. The analogue to 
digital converter 18 is driven at the chip rate clock pro- 
vided at an input line 22. This chip rate clock is also 
applied to an input of the shift registers 10, 12. Each 
register 16 associated with each adder/subtractor 14 
has its output connected back to an input of the 
adder/subtractor 14 and also generates the particular 
correlate output for the correlator position. 

An adder/subtractor is associated with each corre- 
lation output register. This may seem a significant over- 



head but in fact is acceptable for two reasons:- 

The precision of the chip samples is only four bits 
and only about sixteen samples will be correlated 
before reading out and resetting to zero. This repre- 

5 sents an important further saving in chip TDM, the 
smaller correlation length leads to shorter word lengths. 
Thus only eight bits precision is needed for the 
adder/subtractors. In fact, allowing for the gates in the 
registers themselves, the add/subtractors only roughly 

10 double the gate count in this area. 

Although the gates are present for additions/sub- 
traction in all sixty-four correlation registers, on average, 
only four additions/subtraction take place for every sam- 
ple. A CMOS implementation will therefore have very 

is low power consumption. 

The architecture can perform the pilot matched fil- 
tering with a single clock running at the chip rate. 

In this architecture, the control of the additions/sub- 
tractions is more implicit than in the DSP approach. At 

20 the start of each sub interval, the positions of the two 
pilot chips are computed. For both cases, if the chip is a 
one the corresponding position in the Chip Position 
Inputs for a + is set high, otherwise the position for a - is 
set high. Otherwise the '0's at the head of the shift reg- 

25 isters are clocked through. Thus, at the start of a sub 
interval, the first thirty-two positions of the shift registers 
will contain all zeros except that for the positions corre- 
sponding to chip positions within the sub interval, one or 
the other, depending on the chip polarity will contain a 

30 "1 ". 

If there is a pilot chip in position zero, this will cause 
the current sample either to be added or subtracted 
(depending on the polarity of the pilot chip) from the reg- 
ister for correlation output 0. One clock cycle later, the 

35 new '1 ' will have shifted down through the addition/sub- 
traction control shift register, causing the new sample to 
be added or subtracted (same operation as before) from 
the register for correlation output 1 and so on. A pilot 
chip in position n will have to wait n clock cycles before 

40 it causes an addition/subtraction to register 0. Sixty- 
three clock cycles after the first addition/subtraction for 
a sample, the control entry for a given pilot chip "falls" 
off the end of the shift register and has no further effect. 
The above description has been given for a single 

45 simple real correlation for ease of explanation. However, 
the real requirement is for a full complex correlation. 
This is because some pilot chips will be transmitted on 
the I channel and some on the Q channel and because 
the channel itself has arbitrary phase shifts for the vari- 

50 ous paths. Ordinarily this would require some four times 
the complexity. However, by careful design, the com- 
plexity can be held to barely more than double that of 
the real correlator. 

A possible architecture is shown in Figure 17. 

55 There are now two pairs of addition/subtraction control 
registers 40, 42 one pair 40 containing Ts in the pilot 
chip positions of the I code, the other 42 for the Q code. 
There are also two registers and adder subtracters (one 
for the I output, one for the Q output) for each correlator. 
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The output of the shift registers are applied to a logic cir- 
cuit 52 which control whether the I or Q signal is added 
or subtracted from the I and Q correlator registers 
respectively. Note, that because there is only one 
adder/subtractor for each correlator register, it is not 
possible to add in contributions from chips transmitted 
simultaneously on the I channel and on the Q channel. 
It may be possible to design the chip randomising func- 
tion so that this never happens. Otherwise, the correla- 
tor will add in the contribution form either the I channel 
chip or the Q channel chip, depending on the state of 
the "Conflict Priority" line 54. For "fair" sharing of the lost 
chips, this line can be toggled high and low from one 
sub interval to the next. 

For each I and Q channel there is a analogue to dig- 
ital converter 56, 58 each connected to a band pass fil- 
ter 60, 62 respectively. The output from the band pass 
filters 60, 62 are connected to various inputs of the 
selection circuit 64, 66 and operated to determine which 
output from which filter 60, 62 is connected to the 
respective adder/subtractor circuit 48, 50. 

The logic circuits 52 shown in Figure 1 7, will now be 
described with reference to Figure 18, and Figure 19 
which shows the logic diagram for a selector as used in 
Figure 18. 

Referring to Figure 18, the control circuit comprises 
an OR-gate 70 having two inputs one of each is con- 
nected to the positive and negative imaginary pilot sig- 
nal in respect of bit position one. The output of the OR- 
gate 70 is connected to an input of an inverter 72 and to 
an input of an AND-gate 74. The output of the inverter 
72 and the AND-gate 74 are connected to respective 
inputs of an OR-gate 76, the output of which is con- 
nected is to an input of an AND-gate 78. An OR-gate 80 
has two inputs each of which is connected to a positive 
and negative Q pilot signals in respect of the first bit, 
and the output of the OR-gate 80 is connected to a fur- 
ther input of the AND-gate 78. An output of the AND- 
gate 78 is connected to an inverter 82 and to respective 
inputs of selectors 84, 86, 88 and 90. The output of the 
AND-gate 78 is connected to further inputs of the selec- 
tors 84, 86, 88 and 90. The positive I pilot signal is con- 
nected to a further input of the selector 84 and the 
selector 88, and the negative pilot signal is connected to 
a further input of the selector 86 and to the selector 90. 
Similarly the positive Q pilot signal is connected to a fur- 
ther input of the selector 86 and to the selector 88 and 
the negative Q pilot signal is connected to an input of 
the selector 84 and to the selector 90. A conflict priority 
signal is applied to a further input AND-gate 74. 

The output of the selector 84 causes the output of 
the Q correlator to added. The output of the selector 86 
causes the output of the Q correlator to be subtracted. 
The output of the correlator 88 causes the output of the 
I correlator to be added. The output of the selector 90 
causes the output of the I correlator to be subtracted. 
The output of the AND-gate 78 is also used to control 
the selector shown in Figure 17, designated 64, 66 
which causes the particular I or Q channel to be 



selected. 

Referring now to Figure 19, a selector will now be 
described. The selector comprises an AND-gate 92, 
and an AND-gate 94, the outputs of which are con- 

5 nected to respective inputs of an OR-gate 96. The 
inputs to the AND-gate 92 receives at a first input 
thereof a first input signal A and as a second input 
thereof a select signal. Similarly the AND-gate 94 at a 
first input thereof receives an input signal B and a sec- 

10 ond input thereof a select signal. An output signal is 
generated on the output line 98 from the OR-gate 96. 

It will appreciated that the circuitry described in Fig- 
ures 18 and 19 represent known logic circuitry the oper- 
ation of which will be well know to those conversed in 

is the art. 

It will be appreciated that the description to Figures 
18 and 19 have been in respect of a single bit position, 
and this circuitry will be repeated for each bit position of 
which there are thirty-two in total. 

20 The optimum architecture for a Rake com- 
biner/despreader will depend upon the application, and 
therefore the bit rate of the terminal. The most cost sen- 
sitive application is likely to be voice only terminals sup- 
porting only the bit rate associated with one set of chips 

25 per bit period. Therefore, operations complimentary to 
those in the pilot chip matched filter are possible in the 
Rake combiner/despreader, to achieve significant 
reductions in complexity. 

The architecture shown in Figure 20 is based on the 

30 fact that the signal component of any received sample 
(sampling of the chip rate) is a combination of the 
delayed responses from various transmitted chips. 
These chips will usually all relate to a single transmitted 
bit although, near the boundary between bits, a sample 

35 may contain long delayed chips from the end of one bit 
as well as moderately delayed chips from the beginning 
of the next bit. Thus for the general case two bits must 
be considered at a time, more than two bits would only 
arise if the bit rates were greater than the reciprocal of 

40 the delay spread, and this would be unlikely for voice 
terminals. 

Referring to Figure 20, the control shift registers 
100, 102 are arranged to receive the chip position 
inputs, the shift register 100 handling the even positions 

45 and the shift register 102 handling the odd positions. 
The shift registers are driven by the chip clock rate via 
line 104. A bank of registers 106 are connected to the 
various bit positions of the control registers 100, 102 
and are arranged to store the real channel estimates. 

so Similarly a bank of shift registers 108 are connected to 
the respective bit positions of the control registers 100, 
1 02 and are used to store the imaginary channel esti- 
mates. Output signals from the bank of shift registers 
1 06 are connected to an input of a multiple add/subtract 

55 circuit 1 1 0, and the outputs from the bank of shift regis- 
ter 108 are connected to the inputs of a multiple 
add/subtract circuit 112 via an upper bus driver 105, 
and a lower bus driver 107. The add/subtract circuits 
110, 112 receive a plurality of control signals via lines 
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1 1 4, 1 1 6, 1 1 8 and 1 20 via latch circuits 1 09. On line 1 1 4 
is a signal representing an even/odd bit when an even 
sub interval. On line 116 is a signal representing the 
chip sense for the even sub interval. On line 1 1 8 is a sig- 
nal representing an even/odd bit for an odd sub interval. 
On line 120 a signal representing a chip sense for an 
odd sub interval. Modified versions of these signals are 
also passed to the multiple add/subtract circuits 110, 
1 12 via the circuit 122 which is driven from the chip rate 
clock via line 104, via a divider circuit 124. 

The outputs from the multiple add/subtract circuits 
110, 112 are passed to combiner circuits 126, 128. The 
combiner circuit 1 26 combines an output signal from the 
multiple add/subtract circuit 110 with a real signal 
received from the receiver filter outputs. Similarly the 
output of the add/subtract circuit 1 1 2 is combined with a 
imaginary signal from the received filter outputs, by the 
combiner circuit 128. The output signals from the com- 
biners 126, 128 are applied to an adder circuit 130, the 
output of which is applied to an input of an even or odd 
bit accumulator for the particular bit position via a switch 
132. It will be appreciated that there is an even/odd bit 
accumulator 134 for each bit position to be processed. 
A control odd/even signal is received on line 136 and is 
used to control the operation of the switch 132 which in 
turn selects whether the even/odd bit accumulator is 
selected for that bit position, and is also used to control 
the multiple add/subtractor circuits 1 1 0, 112. 

An output from each of the accumulators is also fed 
back to the adder circuit 1 30 via a switch 1 33, the switch 
being controlled by the signal received on line 136. 

The combiner/despreader described above with 
respect to Figure 20 may be applied to a receiver for an 
ordinary spread spectrum signal, and is described in 
patent application number 9423935.7. 

Referring back to Figure 20, unlike the operation of 
the combiner/despreader for full spread spectrum, only 
a small subset of channel estimates need to be added 
together for multiplication by the received sample. 

For samples received during any sub interval, a 
maximum of three chips can have contributed to the cur- 
rent sample. These chips correspond to one in the cur- 
rent sub interval and one in both of the previous two sub 
intervals, and because of the randomisation in chip 
positions it is quite possible for two chips to have been 
transmitted closely in time. Thus for a bank of channel 
estimates spanning a period of one sub interval it must 
be possible to read out (for addition/subtraction) a max- 
imum of two estimates. However, the delay spread 
under consideration spans two sub intervals. Thus the 
channel estimates are divided into two banks, each cov- 
ering the period of one sub interval and each having two 
buses. Explicit control is required to determine which 
bus will feed the adders. This is achieved by arranging 
for "Odd" and "Even" control circuits consisting of the 
shift registers 100, 102. In a similar way to the pilot 
matched filter, the chip position relevant to the receiver 
concerned is set as a '1 ' in the top part of the shift reg- 
ister. However, the chips for alternate frames are placed 



in the left hand and then the right hand registers. This 
has the effect that the channel estimates corresponding 
to the chips in alternate sub intervals are routed alter- 
nately via the lower and the upper bus drivers 1 07, 1 05. 

5 In this way it is possible for two channel estimates closer 
than a sub interval apart to become combined. A total of 
four buses for the real channel estimates and another 
four for the imaginary channel estimates feed the multi- 
ple adder/subtractor circuits 110, 112. Although no 

10 more than three of these will ever be active at any given 
time, flexibility requires that they are all present. 

Note that the control exercised from the shift regis- 
ters 100 on the left hand side is independent of the chip 
polarity and also irrespective of which bit any particular 

is estimate is contributing to. Thus the left hand side cir- 
cuitry merely controls the enabling of the buses. Further 
control over addition/subtraction is exerted by the cir- 
cuitry on the right hand side. At the same time as a chip 
timing is set up on the left hand side, the corresponding 

20 chip polarity and bit reference is latched into the rele- 
vant circuits in a 4 off latch circuit 109. It is held there 
until the next time that Even or Odd chip is updated, ie it 
is held for two sub intervals. Thus the sequencing is as 
shown in Figure 21 . 

25 Referring to Figure 21 , the top diagram shows a set 
of sub intervals over several bits with the relevant chips 
for a particular terminal indicated by letter. At the start of 
the first sub frame in Bit 0, the sub frame number is even 
so the even bits are updated. This is shown in the "Latch 

30 Writing Operations" diagram. Each character in the 
groups represents, in order, the corresponding input to 
the latch circuit 1 09 in Figure 20. An X indicates that the 
corresponding latch position is not updated. Thus for 
the first update, the first bit is set to zero (assuming the 

35 convention then 0 = Even Bit, 1 = Odd Bit) and the sec- 
ond bit is set according to the polarity of chip 'a'. At the 
start of the next sub interval the Even bits are left unal- 
tered and the odd bits updated. The Bit number is still 
even so the first of the pair is still '0'. The second of the 

40 pair is set according to the polarity of chip 'b' and so on. 
The "Latch State" diagram indicates, the overall effect of 
these changes. The functionality of the "Multiple 
Add/Subtract" circuits 110, 112 Figure 20, is illustrated 
in Figure 22. 

45 Referring to Figure 22, it must be stressed that this 
diagram serves merely to clarify the functionality of the 
element. A much more efficient highly integrated imple- 
mentation would be generated in practice. The opera- 
tion of the circuit of Figure 20 can now be further 

so clarified by reference to this Figure 22. Figure 22 illus- 
trates the multiple add/subtract circuit 110. The circuit 
112 is a mirror image. Examination of the control inputs 
to these elements in Figure 20 will indicate that the 
"Pass/Compl inputs are controlled by the chip values (ie 

55 the relevant channel estimate is inverted if the chip is a 
"0" and not otherwise). The enabling of inputs to the 
final adder is controlled by the bit reference lines (ie 
stored versions of "Even/Odd Bit for Even Sub Interval" 
and Even/Odd Bit for Odd Sub Interval") in conjunction 
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with the "Invert Enable Control" line which is driven by 
the "Control Odd/Even "line 136 (Figure 20). Thus, 
when the "Control Odd/Even" line is low, the correct 
channel estimates will be suitably accumulated for the 
"Odd" bit; when the "Control Odd/Even" line is high, the 5 
correct channel estimates will be suitably accumulated 
for the "Even" bit. This line will take both values once for 
every chip sample in order to provide accumulations for 
both odd and even bits. Once generated, the accumula- 
tions are multiplied by the received samples and then w 
accumulated into the appropriate bit. Finally, when the 
last sample which can contribute to a particular bit has 
been processed, the contents of the bit accumulator are 
read out for demodulation and the accumulator is reset 
to zero. 15 

Claims 

1 . A CDMA cellular mobile radio system comprising at 
least one base station and at least one mobile ter- 20 
minal arranged to communicate with each base sta- 
tion, over a radio medium, and wherein the base 
station includes a transmitter for serially transmit- 
ting chips in time division multiplex fashion to the 
same mobile terminal or to different mobile termi- 25 
nals, the transmissions being time separated and 
inherently orthogonal, eliminating mutual interfer- 
ence. 

2. A system as claimed in Claim 1 , wherein the timing so 
transmissions of the chips to different users is 
scrambled within a bit period. 

3. A system as claimed in Claim 1 or Claim 2, wherein 

the transmissions are in the form of binary phase 35 
shift keying signals on an inphase component of the 
signal, and other transmissions occur on a quadra- 
ture phase component of the signal. 

4. A system as claimed in any preceding Claim, 40 
wherein a pilot signal is transmitted by sending 
some chips in a sub frame as known chips so they 
can be despread in a known fashion to attain a 
channel estimate. 

45 

5. A system as claimed in any preceding Claim, 
wherein power control is provided by means which 
arrange for some links to have a variable number of 
chips per bit which vary in time, the variation serv- 
ing as power control. so 

6. A system as claimed in Claim 3, wherein the trans- 
mitter includes a pilot matched filter having an 
adder/subtractor circuit associated with each output 
register provided for each correlation, and wherein 55 
said adder/subtractor circuits are controlled by a 
respective control shift register arranged to receive 
input signals corresponding to chip positions. 
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7. A system as claimed in Claim 6, wherein said 
adder/subtractor circuits receive a baseband input 
signal via a band pass filter. 

8. A system as claimed in Claim 7, wherein the base- 
band signal is a complex baseband signal and said 
first and second control register means are 
arranged to control the adder/subtractor circuits for 
the pilot chip positions in a real code of the complex 
baseband signal, and a further pair of register con- 
trol means are provided for the pilot chip positions 
in an imaginary code of the baseband signal. 

9. A system as claimed in Claim 8 .wherein the output 
signals generated from the correlators are applied 
to a first bank of register means for storing channel 
estimates in respect of the real channel estimates, 
and applied to a second bank of register means for 
storing channel estimates in respect of the imagi- 
nary channel estimates, and said first and second 
bank of register means are controlled by first regis- 
ter means holding information relating to even chip 
positions and second register means holding infor- 
mation relating to odd chip position respectively. 

1 0. A system as claimed in Claim 9, wherein said chan- 
nel estimates contained in said first and second 
bank of register means are applied to adder/sub- 
tractor means for performing an add/subtract oper- 
ation on the real channel estimates and on the 
imaginary channel estimates. 

11. A system as claimed in claim 10, wherein an 
adder/subtractor means is provided for the real 
channel estimates and a further adder/subtractor 
means is provided for the imaginary channel esti- 
mates, an output from each adder/subtractor 
means being applied to a combining means respec- 
tively, for combining with an inphase and quadra- 
ture phase signal, respectively. 

1 2. A system as claimed in Claim 1 1 , wherein an output 
signal from each combining means is applied to an 
adder, the output of which is applied to an even bit 
accumulator or an odd bit accumulator associated 
with current bit. 

1 3. A system as claimed in Claim 12, wherein the adder 
receives at a further input, an output generated 
from said odd or even bit accumulator. 
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